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Abstract
Introduction
Child health remains an important public health concern at the global level, with preventable
diseases such as diarrheal disease, acute respiratory infection (ARI) and fever posing a
large public health burden in low- and middle-income countries including Bangladesh.
Improvements in socio-economic conditions have tended to benefit advantaged groups in
societies, which has resulted in widespread inequalities in health outcomes. This study
examined how socioeconomic inequality is associated with childhood morbidity in Bangla-
desh, and identified the factors affecting three illnesses: diarrhea, ARI and fever.
Materials and methods
A total of 43,860 sample observations from the Bangladesh Demographic and Health Sur-
vey, spanning a 22-year period (1993–2014), were analysed. Concentration curve and
concentration index methods were used to evaluate changes in the degree of household
wealth-related inequalities and related trends in childhood morbidity. Regression-based
decomposition analyses were used to attribute the inequality disparities to individual deter-
minants for the three selected causes of childhood morbidity.
Results
The overall magnitude of inequality in relation to childhood morbidity has been declining
slowly over the 22-year period. The magnitude of socio-economic inequality as a cause
of childhood morbidity varied during the period. Decomposition analyses attributed the
inequalities to poor maternal education attainment, inadequate pre-delivery care, adverse
chronic undernutrition status and low immunisation coverage.
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Conclusions
High rates of childhood morbidity were observed, although these have declined over time.
Socio-economic inequality is strongly associated with childhood morbidity. Socio-economi-
cally disadvantaged communities need to be assisted and interventions should emphasise
improvements of, and easier access to, health care services. These will be key to improving
the health status of children in Bangladesh and should reduce economic inequality through
improved health over time.
Introduction
During the 2000–2015 Millennium Development Goals (MDGs) reporting period, the global
under-five mortality rate declined by more than half (from 90 to 43 deaths per 1,000 live births
between 1990 and 2015) and the rate of reduction more than tripled globally when data from
the early 1990s are taken into account [1]. Despite the impressive improvements, there were
regional variations and in many of these, the trends were not sufficient to meet the MDG target
[2,3]. Southern Asia was one of the regions found to have both a high rate of under-five mor-
tality (at 50 deaths per 1,000 live births at the end of the MDG period) and a large number of
total deaths [4,5]. The MDG report estimated that the global advance in child survival eludes
many of the most vulnerable children, and the majority of them will perish from preventable
causes, such as pneumonia, diarrhea, acute respiratory infection, and malaria [1]. Therefore, it
is no surprise that diarrheal infection, acute respiratory infection (ARI), and fever account for
approximately 33% of under-five mortality globally [6,7].
In Bangladesh, while the number of diarrhoea-related childhood deaths has dropped sub-
stantially, under-five morbidity rate has remained persistently high [8,9]. Globally, under-five
deaths due to ARI has reduced from 1.7 million in 2000 to 0.94 million in 2013 [10]. However,
the burden of ARI remains persistently high in Bangladesh (21% ARI-related mortality) [11],
with approximately 50,000 children dying annually from ARI with a high pediatric hospitalisa-
tion rate of 40% [12–14]. Furthermore, ARI alone was accountable for 39.8 per 1000 children
in 2013 [15]. Similarly, malaria (10.3%) [16], dengue fever (12.5%) [17], chikungunya (19%)
[18], and typhoid are also common causes of childhood illness [12–15,19,20]. Bangladesh has
already made improvements in the child health-related parameters of its people [21]; however,
the prevalence of childhood morbidity is still distressingly high and widespread [22]. Poor
health is often associated with low socioeconomic status and an inability to access health ser-
vices, especially in rural communities [23]. One of the major challenges for potential improve-
ment is to address the high levels of inequality in the distribution of healthcare across regions
and socioeconomic groups [24,25]. The United Nations General Assembly’s recently adopted
Sustainable Development Goals (SDGs) are aimed at fighting against inequality so that every-
body gets similar access to, and benefits of, any health policy [26]. However, to achieve the
health-related goals of SDG-3 (good health and well-bring) and SDG-10 (reduced inequalities
especially access to health services) [26], it is essential to measure and address inequality so
that all strata of society can potentially benefit.
The high disease burden of childhood morbidity in Low- and Middle-Income Countries
(LMICs), including in Bangladesh, means there is a need for a better understanding of how
childhood morbidity is distributed across socio-economic strata, which is crucial for adopting
particular public health policies and designing effective health interventions [27–29]. The
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present study contributes to a recent body of work that examines the trends and degrees of
inequality in terms of childhood morbidity, and decomposes the risk factors that better explain
observed dynamics and contribute to change. Previous studies have indicated that a reduction
in socio-economic inequalities has occurred at the same time as a decline in the prevalence of
childhood morbidity at the national level [6,8,30]. However, uncertainty remains as to what
factors are influencing both socio-economic inequalities and childhood morbidity trends.
Therefore, the aim of this study was to investigate childhood morbidity trends over the last 22
years in Bangladesh and decompose changes to identify risk factors that explain the observed
dynamics.
Examination of the key drivers of inequalities in childhood morbidity may offer insights
into identifying priority health interventions both within and beyond the current health sys-
tem. These inequalities are impeding the achievement of universal childhood health coverage.
Additionally, significant findings are discussed in the context of national health policy in Ban-
gladesh, and the experience of large-scale health interventions that might directly or indirectly
contribute to reductions in childhood morbidity and mortality, especially amongst socio-eco-
nomically disadvantaged children and their families.
Materials and methods
Data sources and sample
The degree of socio-economic inequality in relation to childhood morbidity was examined
using the latest seven rounds of the Bangladesh Demographic and Health Surveys (BDHS)
from the 1993–94, 1996–97, 1999–00, 2004, 2007, 2011 and 2014 survey rounds [31–36]. Data
were collected by Measure DHS retrospectively using structured quantitative survey tools
from mothers whose youngest children were under-five years of age, with an average 98%
response rate (Fig 1). The sampling technique, survey design, instruments, measuring system,
data validity, reliability, and quality control are described elsewhere [31–36]. As per standard
DHS practices, written consent was collected from all potential respondents before conducting
the survey. The DHS dataset is publicly available; however, mailed consent also occurred as
part of the protocol. Inconsistent, unusual/abnormal and missing observations were excluded
from the analysis. Finally, a total of 43,860 sample observations were included in the analyses.
The survey year and sample data are shown in (Fig 1).
Definition of variables
Outcome variable. The outcome variables were the numbers of diarrheal episodes,
symptoms of ARI (whether any cough or chest-related breathing difficulties were observed
as a proxy for pneumonia), and fever for the youngest children under five years old, which
occurred in the two weeks preceding the survey [31–36]. These constituted binary variables
denoting one if present and zero if absent.
Independent variables. This study selected explanatory variables based on prior studies,
epidemiological information, review of published demographic studies and the information in
the BDHS datasets [6,12,14,29,30,31–38]. Individual-level factors, such as child’s age, squared
age of child, sex of child, maternal age and educational status, birth order, preceding birth
intervals, frequency of antenatal care visits, and households size were considered as potential
factors in the analyses.
Chronic childhood undernutrition status was defined as “yes” if a child had experienced
any adverse outcomes in terms of underweight, stunted, and wasting, or “no” otherwise. These
adverse child health outcomes was measured based on the World Health Organization’s Child
Growth Standard Guideline [39]. Mass media communication was defined as “yes” if the
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household had assess to electronic media, or broadcasting or newspaper, or “no” otherwise.
Breastfeeding practice was grouped as “yes” if the child’s mother had experience of feeding
breast milk, or “no” if no. Access to health facility was defined as “yes” if the household had an
access to health services or health-related information, or “no” otherwise.
Child vaccination coverage was defined as “yes” if the child had vaccinated or “no” if non-
vaccinated. Location of residence was considered rural or urban. Socioeconomic factors were
presented by household wealth index, a composite score constructed from the asset vector of
the household, as provided by BDHS and based on the ownership of 26 selected items of dura-
ble assets, including televisions and bicycles, materials used for housing construction, and
types of drinking water sources, and sanitation facilities. Each household’s characteristics
(assets) were dichotomised (‘yes’ if present and ‘no’ if not). Principal component analysis
(PCA) was performed using the ownership of durable assets of households [40]. Weights were
estimated by factor scores derived from the first principal component in the PCA. The con-
structed wealth score values were then assigned to individuals based on variables included in
the model. The wealth score was divided into five groups based on overall asset ownership:
poorest (Q1: lowest 20%), poorer (Q2), middle (Q3), richer (Q4), and richest (Q5: top 20%).
These variables were used to examine the magnitude of inequalities in childhood diarrhea,
ARI, and fever as well as changes in equality measures, comparing 1993/94 (1996/97 for fever
because of a paucity of data) and 2014.
Estimation strategies
Measuring and decomposing socio-economic inequalities. For the inequality analysis,
comparisons of childhood morbidity were performed across wealth quintiles over the period
specified. The absolute and relative differences (e.g., poor-rich difference and poor-rich ratio)
in the prevalence of diarrhoea, ARI, and fever were calculated between the richest and poorest
Fig 1. Distribution of study sample (N = 43,860).
https://doi.org/10.1371/journal.pone.0218515.g001
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quintiles to capture the magnitude of the inequality between the two groups. However, these
measures do not demonstrate the overall distribution of childhood morbidity in relation to
key household socio-economic characteristics without adjusting for significant confounders.
The standard measures of concentration index (CI) were used to examine the magnitude of
household wealth-related inequality and the trends in childhood morbidity changes during the
period of 1993/94 to 2014. The CI was derived based on the concentration curve (CC). The CC
was constructed using the cumulative proportion of under-five childhood morbidity against
the cumulative proportion of the population ranked from the poorest to the richest [41]. The
estimated CI summarizes information contained in each CC [42]. The CI was derived from
these curves as twice the area between the concentration curve and the line of equality (i.e., the
45˚ line, which characterizes a perfectly equal distribution of childhood morbidity among par-
ticipants across the wealth index). The CC lies above (below) the line of equality if the under-
five childhood morbidity is higher (lower) in values amongst the poorest. The CI can be esti-
mated as the covariance between childhood morbidity and the proportional rank in wealth
score distribution [40] as follows:
CI ¼
2
n2 �y
Xn
i ¼ 1
yiri ð1Þ
Where CI is the concentration index, �y is the mean of childhood morbidity, ri is the cumulative
proportion that each individual represents over the total population once the latter has been
ranked by the distribution of wealth score. The values of CI are bounded between �y   1 and
1   �y; �y   1 � CI � 1   �y when y is dichotomous [42]. CI acquires a negative value when
the curve lies above the line of equality, which indicates a disproportionately higher prevalence
of childhood morbidity among the poor (i.e., pro-poor). A positive value of CI signifies a
higher concentration of health indicators among the rich (i.e., pro-rich). There is no socio-eco-
nomic inequality in the distribution of childhood morbidity (y) when the value of CI is zero,
and the CC coincides with the 45˚ line. The dichotomous character of the childhood morbidity
may result in unstable bounds in response to varying means; therefore, the normalized stan-
dard index was estimated to check the robustness of the estimation [43,44]. The statistical tests
of dominance between CCs were employed to estimate dissimilarity in prevalence across time.
In addition, using the methods outlined in Wagstaff et al. [42] and Oaxaca [45], regression
analysis was used to decompose the socio-economic inequality in relation to childhood mor-
bidity to identify the contribution of different independent variables between 1993/94 and
2014. When there is a linear association between health outcome (y) and a set of k explanatory
variables x [41], this can be specified as follows:
y ¼ aþ
X
k
bk�xk þ ε ð2Þ
Where the CI may be expressed as a weighted sum of the partial concentration indices for the
explanatory variables of inequality, being the weight of the elasticity of y with respect to xk
[42]. The concentration index for y, simplify the CI for y as
y ¼
X
k
bk�xk
�y
� �
CIk þ
GCIε
�y
ð3Þ
where �y is the mean of y, �xk is mean xk, CIk is a CI for xk and GCIε is the generalized CI for the
error term (ε) reflecting the inequality that is not explained by the systematic variation in the
determinates across childhood morbidity. Eq (3) demonstrate that CI is equal to the weighted
sum of CIs of the k determinants, where the weight for xk is the elasticity of y with respect to
xk. The relative contribution of a cause to the CI of childhood morbidity was fundamentally
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the product of its entity CI of childhood morbidity with respect to that particular cause [42].
Moreover, changes of CI over time (ΔCI = CIt—CIt-1) may be disentangled by using an
Oaxaca-type decomposition [45] such that variation of CI can be explained by changes in elas-
ticities and CIk,
DCI ¼
X
k
bk;t  1�xk;t  1
�yt  1
� �
CIk;t   CIk;t  1
  �
þ
X
k
CIk;t
bk;t�xk;t
�yt
 
bk;t  1�xk;t  1
�yt  1
� �
þ D
GCIet
�yt
ð4Þ
Conversely, since Oaxaca decomposition is not unique [42], the variation of CI may be rep-
resented as:
DCI ¼
X
k
bk;t  1�xk;t  1
�yt  1
� �
CIk;t   CIk;t  1
  �
þ
X
k
CIk;t
bk;t�xk;t
�yt
 
bk;t  1�xk;t  1
�yt  1
� �
þ D
GCIet
�yt
ð5Þ
When the childhood morbidity is dichotomous, probit models are optimal to perform all
estimations. Then, some linear approximations are required to perform the decomposition
analysis. This can be done by substituting in Eqs (2)–(4) βk coefficients by β
m
k, which are the
partial effects (dy/dxk) evaluated at sample means. In addition, when the outcome variable is
dichotomous, the concentration index has to be corrected in order to allow comparisons
between group of individuals from different time periods that may show different levels of use
of health services [46]. In the context of a dichotomous outcome variable, the Erreygers’s CI is
the CI multiplied by four times the mean health or outcome of interest [46]. Erreygers’ sug-
gested corrected CI can be expressed as:
E ¼
4� �y
ymax   ymin
CI ð6Þ
Where ymax and ymix are the bounds of y (childhood morbidity). When the Erreygers’ cor-
rected index is used, the decomposition of inequality may be expressed as:
E ¼ 4 �
X
k
ðb
m
k �xkÞCIk þ GCIε ð7Þ
This estimate produces an index that satisfies various attractive axiomatic properties for an
inequality index, including the sign condition, scale invariance and mirror properties [47,48].
The adjusted CI method allows for an examination of the causes of (and their corresponding
contributions to), and levels of changes in, childhood morbidity inequalities [41]. All statistical
analyses were performed using Stata/SE-13 software (StataCorp, College Station, TX, USA).
All the estimates were considered by sampling weights.
Results
Trends of socio-economic inequalities in childhood morbidity
Fig 2 depicts the trend in under-five childhood morbidity stratified across wealth quintiles.
The overall prevalence of childhood morbidity was consequently highest for those living in
socio-economically disadvantaged households (first quintile, Q1). The prevalence of diarrhea,
ARI and fever were declined across the wealth quintiles from 1993/94 (1996/97) to 2014, and
the rate of reduction was consequently highest for those living in the richer and richest families
(upper wealth quintiles). In the poorest quintile, the prevalence of childhood diarrhea halved
and ARI declined by 75% from 1993/94 to 2014. The absolute difference in prevalence of child-
hood diarrhea declined dramatically in the top quintile. On the other hand, the prevalence of
childhood fever trended upward for all quintiles between 1996/97 and 2014.
Changes in inequality of childhood morbidity in Bangladesh 1993-2014
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While the overall prevalence of childhood diarrhea, ARI, and fever has fallen in recent
times, poorer children are bearing an increasing share of the burden compared with higher
wealth quintiles. For example, a poor-rich ratio (PRR) of 1.21 for children implies that the
childhood diarrhea rate in the poorest quintile was about 1.21 times higher than that of the
richest quintile. Similarly, the PRR due to ARI was 1.56, whereas this ratio was 1.17 for fever.
The overall values of the CI for childhood morbidity for diarrhea, ARI and fever were -0.053,
-0.088 and -0.029 respectively (Fig 3). This result showed that childhood morbidities (e.g.,
Fig 2. Distribution of childhood morbidity across scio-economic groups, 1993–2014. (A) Expressing the prevalence of
childhood diarrhea and inequalities in terms of poor-rich difference (PRD), poor-rich ratio (PRR) and Erreygers’s concentration
index (CI) (B) Presenting the prevalence of childhood acute respiratory infection (ARI) and inequalities in terms of PRD, PRR and
CI (C) Showing the prevalence of childhood fever and inequalities in terms of PRD, PRR and CI.
https://doi.org/10.1371/journal.pone.0218515.g002
Fig 3. Trend of inequity in childhood morbidities, 1993–2014. The concentration curves (CC) for diarrhea, ARI, and fever in
1993/94 (1996/97 for fever) and 2014 (Fig 4).
https://doi.org/10.1371/journal.pone.0218515.g003
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diarrhea, ARI, and fever) have a significantly higher concentration among the most disadvan-
taged group of children compared to the advantaged counterpart. Consistent with the results
above, the CI for the prevalence of childhood diarrhea, ARI, and fever increased in absolute
value from 1993/94 to 2014, which signified that children living in poverty bore a dispropor-
tionately higher share of the burden of these infectious diseases. The negative values indicated
a significantly higher magnitude of socioeconomic inequality in childhood morbidity over the
period.
During both times, for three childhood morbidities, the CC was consistently above the line
of equality, indicating a disproportionate concentration of the prevalence of childhood mor-
bidity among poorer households. This result also signified a greater magnitude of socio-eco-
nomic inequality in relation to the prevalence of diarrhea and ARI than the CC for fever (Fig
4). Expanding the degree of socio-economic inequalities between poor and rich quintiles made
this even more apparent for childhood diarrhea, ARI, and fever, with the bottom third of the
distribution experiencing 50% of the burden. In all cases, we may reject the null of non-domi-
nance (P<0.01) using the test outlined in O’Donnell and Wagstaff [41,49]. The overall trend of
inequality of childhood morbidity slowly declined over the period.
Decomposition of childhood morbidity inequalities
Some variables were consistently associated with childhood diarrhea, ARI and fever in both
1993/94 (1996/97) and 2014 (Table 1). Mother’s education level was a statistically significant
Fig 4. Concentration curve for childhood morbidities over 2011 to 2014. (A) Explicating childhood diarrhea (B) Uttering
childhood acute respiratory infection (ARI) (C) Demonstrating childhood fever.
https://doi.org/10.1371/journal.pone.0218515.g004
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Table 1. Inequality decomposition of the Erreygers’s concentration index for childhood morbidity, 1993–2014.
Variables Coefficients & p-value Elasticities Erreygers
concentration index
(CI)
Contributions to Erreygers CI (%)
1993–94
(1996–97)1
2014 1993–94
(1996–97)1
2014 1993–94
(1996–97)1
2014 1993–94
(1996–97)1
2014 Change
For diarrhea
Child’s age (months) 0.00 0.00 0.00 0.00 1.26 1.56 -0.26 -0.16 10.01 8.21 -1.80
Child’s age squared 0.07 0.02 0.05 0.02 -0.78 -1.86 -0.09 -0.08 7.21 -6.10 -13.31
Child sex (= male) -0.04 0.33 0.11 0.09 -0.03 0.06 -0.02 -0.11 -4.65 -2.07 2.58
Mother age (years) -0.03 0.00 -0.01 0.01 -0.73 -0.20 -0.14 0.12 -5.51 -10.42 -4.91
Mother schooling (years) -0.02 0.67 -0.05 0.06 -0.02 0.08 0.19 0.10 12.10 11.15 -0.95
Birth order 0.08 0.00 0.04 0.05 0.26 0.90 -0.12 -0.17 10.37 14.03 3.66
Preceding birth interval (months) 0.02 0.42 -0.01 0.03 0.08 -0.03 0.22 0.08 -2.20 -7.29 -5.09
Antenatal care visits -0.08 0.22 -0.03 0.05 -0.11 -0.05 0.13 0.15 15.01 12.31 -2.70
Households size 0.02 0.11 0.02 0.02 -0.12 0.11 0.09 0.09 2.71 3.17 0.46
Breastfeeding practice (= yes) -0.03 0.01 -0.09 0.05 -0.05 0.13 0.06 0.08 6.92 6.22 -0.70
Access to health facility (= yes) 0.04 0.09 0.03 0.02 -0.07 0.06 -0.08 -0.05 3.56 5.26 1.70
Mass media communication (= yes) -0.05 0.00 -0.09 0.00 0.08 0.09 0.05 0.03 2.06 2.19 0.13
Chronic undernutrition status (= yes) -0.05 0.01 -0.16 0.01 0.14 0.13 -0.16 -0.09 13.96 13.10 -0.86
Vaccination coverage (= yes) -0.13 0.02 -0.28 0.02 -0.03 0.01 -0.05 -0.04 -8.20 -9.13 -0.93
Residence (= rural) 0.06 0.05 0.14 0.09 0.01 0.02 0.06 0.04 -6.19 -5.01 1.18
Wealth index -0.03 0.04 -0.04 0.04 0.07 -0.13 0.44 0.51 33.17 39.17 6.00
Total 90.33 74.79 -15.54
For acute respiratory infection (ARI)
Child’s age (months) 0.01 0.00 - 0.03 0.04 -0.24 -0.96 -0.07 -0.29 22.11 17.21 -4.90
Child’s age squared 0.00 0.05 0.00 0.08 0.19 0.90 -0.08 -0.11 -8.09 -4.12 3.97
Child sex (= male) 0.21 0.04 0.19 0.08 0.11 0.10 -0.01 0.18 -6.89 -20.19 -13.30
Mother age (years) 0.00 0.01 - 0.00 0.01 0.01 -0.03 -0.27 -0.12 -6.86 -10.52 -3.66
Mother schooling (years) -0.08 0.09 - 0.07 0.06 -0.05 -0.11 0.25 0.13 15.21 19.84 4.63
Birth order -0.01 0.01 0.01 0.04 -0.03 0.03 -0.28 -0.14 8.79 12.31 3.52
Preceding birth interval (months) 0.01 0.02 - 0.02 0.03 0.03 -0.09 0.14 0.10 -2.29 -8.69 -6.40
Antenatal care visits 0.12 0.09 0.00 0.05 0.16 -0.01 0.29 0.19 19.01 18.31 -0.70
Households size -0.02 0.01 - 0.04 0.02 -0.16 -0.23 0.20 0.15 14.66 16.50 1.84
Breastfeeding practice (= yes) -0.02 0.04 -0.07 0.03 -0.04 0.11 0.07 0.12 6.27 10.11 3.84
Access to health facility (= yes) 0.05 0.06 0.06 0.01 -0.06 0.03 -0.06 -0.07 4.52 6.21 1.69
Mass media communication (= yes) -0.03 0.01 -0.08 0.02 0.05 0.06 0.04 0.06 6.10 5.10 -1.00
Chronic undernutrition status (= yes) -0.08 0.05 -0.13 0.03 0.04 0.04 -0.07 -0.11 5.09 5.11 0.02
Vaccination coverage (= yes) 0.01 0.08 - 0.17 0.16 0.00 -0.01 -0.06 -0.04 -5.12 -7.03 -1.91
Residence (= rural) 0.09 0.06 0.00 0.10 0.01 0.00 0.23 0.25 -8.10 -15.09 -6.99
Wealth index -0.01 0.06 - 0.06 0.00 -0.04 -0.18 0.38 0.35 29.71 35.19 5.48
Total 94.12 80.25 -13.87
For fever
Child’s age (months) -0.01 0.00 0.01 0.00 -0.15 0.28 -0.17 -0.19 20.42 10.01 -10.41
Child’s age squared 0.00 0.00 0.00 0.01 -0.04 -0.44 -0.08 -0.04 -6.19 -3.15 3.04
Child sex (= male) -0.01 0.04 0.01 0.03 -0.01 0.01 0.01 0.04 -6.67 -9.72 -3.05
Mother age (years) -0.02 0.01 -0.01 0.08 -0.40 -0.15 -0.17 0.12 -4.61 -11.51 -6.90
Mother schooling (years) 0.04 0.03 -0.01 0.01 0.03 -0.01 0.12 0.09 12.98 11.35 -1.63
Birth order 0.04 0.02 0.04 0.03 0.12 0.10 -0.20 -0.35 9.73 7.31 -2.42
Preceding birth interval (months) 0.04 0.02 -0.03 0.02 0.13 -0.12 0.08 0.13 -5.15 -6.29 -1.14
(Continued)
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determinant for childhood diarrhea, ARI and fever. Children of higher educated mothers
were less prone to diarrhea, ARI and fever. Furthermore, pre-delivery care, mothers’ breast-
feeding practice, adverse chronic childhood undernutrition, access to health facility and
mass media communication, and high coverage of immunisation were evident in explaining
childhood diarrhea, ARI and fever. These factors were significantly associated with reducing
childhood morbidity over the period 1993/94 or 1996/97-2014. In addition, household
wealth status was also a predominant factor influencing childhood morbidities. Overall, chil-
dren in affluent households have a lower probability of being exposed to morbidity. More-
over, there was a higher elasticity in terms of child’s age, mother’s schooling, pre-delivery
care, parity, mother’s breastfeeding practice, chronic undernutrition status, access to health
facility and mass media communication, high coverage of immunisation, and household
wealth status for both years. The values of the elasticity suggested that these factors have
become more significant in determining childhood adverse health outcomes in terms of
diarrhea, ARI and fever.
In comparing 1993/94 and 2014, variables that significantly contributed to childhood
morbidity inequality across surveys include, mother schooling, pre-delivery care, household
wealth, access to health facility and mass media communication, chronic undernutrition as
well as immunisation coverage. Significantly, they accounted for more than 90% of the con-
centration index estimates for diarrhea, ARI and fever in 1993/94, which reduced to 75% by
2014. The total change in CI between 1993-94/ (1996–97 for fever) and 2014 was then decom-
posed (Table 2). Household wealth status was the most significant predictor explaining the
increase in diarrhea, ARI and fever. Indeed, about 36% of the change in CI could be quantified
by the wealth index for diarrhea, and about 40% for ARI and 39% for fever. Childhood chronic
undernutrition was another important explanatory factor of being exposed to childhood diar-
rhea, contributing about 19% of the observed change in CI and 11% and 19% for ARI and
fever, respectively. Similarly, pre-delivery care, breastfeeding practice, mother schooling,
access to health facility and mass media communication and immunization coverage emerged
as significant and substantial contributors to the rises in CI. However, the residual (14% for
diarrhea, 20% for ARI, and 18% for fever) suggests that there are other unexplained predictors
underlying the increase in CI of childhood morbidity.
Table 1. (Continued)
Variables Coefficients & p-value Elasticities Erreygers
concentration index
(CI)
Contributions to Erreygers CI (%)
1993–94
(1996–97)1
2014 1993–94
(1996–97)1
2014 1993–94
(1996–97)1
2014 1993–94
(1996–97)1
2014 Change
Antenatal care visits -0.02 0.05 0.03 0.03 -0.02 0.06 0.14 0.11 11.21 12.09 0.88
Households size -0.02 0.01 -0.01 0.01 -0.11 -0.08 0.08 0.09 3.22 9.17 5.95
Breastfeeding practice (= yes) -0.06 0.03 -0.06 0.03 -0.07 0.11 0.09 0.11 10.19 15.02 4.83
Access to health facility (= yes) 0.06 0.06 0.05 0.04 -0.09 0.09 -0.05 -0.06 4.15 4.16 0.01
Mass media communication (= yes) -0.03 0.02 -0.07 0.01 0.10 0.08 0.06 0.02 3.60 5.11 1.51
Chronic undernutrition status (= yes) -0.04 0.04 -0.10 0.04 0.06 0.11 -0.07 -0.08 9.09 14.12 5.03
Vaccination coverage (= yes) -0.15 0.06 -0.39 0.00 -0.02 -0.02 -0.11 -0.04 -8.11 -7.13 0.98
Residence (= rural) 0.05 0.07 0.05 0.04 0.01 0.02 0.07 0.08 -4.19 -6.19 -2.00
Wealth index -0.04 0.02 -0.02 0.04 -0.12 -0.07 0.23 0.31 40.78 32.17 -8.61
Total 89.45 83.52 -5.93
Note: 1996–97 for fever due to paucity of data. Coefficients and p-values were derived using probit regression model.
https://doi.org/10.1371/journal.pone.0218515.t001
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Table 2. Oaxaca-type decomposition for change in inequality for childhood morbidity, 1993–2014.
Variables E: Elasticity, CI:Concentration Index, t:2014, (t-1):1993–94 or (1996–97 for fever)
Variation (1) Variation (2) Total
Et (CIt−CIt-1) CIt-1 (Et−Et-1) Et-1 (CIt−CIt-1) CIt (Et−Et-1) Total %
For diarrhea
Child’s age (months) -0.001 0.040 -0.005 -0.038 -0.001 12.00
Child’s age squared 0.002 -0.079 0.003 0.065 -0.002 -7.22
Child sex (= male) 0.002 0.090 0.010 -0.007 0.014 -9.20
Mother age (years) 0.009 0.051 -0.018 -0.009 0.038 -18.52
Mother schooling (years) -0.043 -0.005 0.005 0.053 0.093 19.66
Birth order -0.001 -0.047 -0.012 -0.016 -0.019 9.13
Preceding birth interval (months) -0.002 -0.109 0.008 -0.016 -0.030 -5.29
Antenatal care visits -0.020 0.030 -0.007 0.038 0.010 17.84
Households size -0.002 -0.032 0.002 -0.081 -0.028 7.03
Breastfeeding practice (= yes) -0.004 -0.002 -0.003 -0.002 -0.003 9.85
Access to health facility (= yes) -0.003 -0.001 -0.005 -0.001 -0.003 3.56
Mass media communication (= yes) -0.006 0.007 -0.004 -0.007 -0.003 4.62
Chronic undernutrition status (= yes) -0.008 0.009 -0.007 0.012 0.012 19.11
Vaccination coverage (= yes) -0.009 0.009 0.014 -0.013 -0.002 -6.15
Residence (= rural) -0.067 -0.083 0.093 -0.002 -0.015 -5.70
Wealth score -0.016 -0.034 0.076 -0.079 -0.013 35.48
Residual -0.008 13.80
Total -0.169 -0.156 0.150 -0.103 -0.078
For ARIa
Child’s age (months) -0.002 -0.065 0.001 -0.046 -0.028 18.12
Child’s age squared 0.001 0.034 -0.001 0.023 0.014 -8.45
Child sex (= male) 0.004 0.006 0.002 0.063 0.019 -25.29
Mother age (years) 0.001 0.004 0.004 0.004 0.003 -19.59
Mother schooling (years) 0.013 -0.013 0.009 -0.014 -0.021 14.35
Birth order 0.005 0.003 0.001 0.003 0.033 23.68
Preceding birth interval (months) -0.001 -0.033 0.003 -0.033 -0.016 -8.69
Antenatal care visits 0.008 0.003 -0.001 0.023 0.028 19.87
Households size -0.001 -0.045 0.009 -0.046 -0.021 17.18
Breastfeeding practice (= yes) -0.014 -0.002 -0.005 -0.006 -0.007 9.83
Access to health facility (= yes) -0.021 0.011 -0.007 -0.005 -0.006 8.01
Mass media communication (= yes) -0.008 0.007 -0.006 -0.006 -0.003 6.51
Chronic undernutrition status (= yes) -0.003 0.003 -0.008 0.001 0.011 11.03
Vaccination coverage (= yes) -0.009 -0.001 -0.001 -0.001 -0.003 -19.03
Residence (= rural) -0.047 -0.011 -0.009 -0.017 -0.021 -6.09
Wealth score -0.020 -0.040 -0.030 -0.096 -0.047 40.15
Residual -0.006 20.41
Total -0.094 -0.139 -0.039 -0.144 -0.089
For fever
Child’s age (months) -0.001 -0.055 -0.001 -0.028 -0.021 15.13
Child’s age squared -0.046 -0.084 0.006 0.051 -0.018 -7.19
Child sex (= male) 0.003 0.017 0.001 -0.008 0.003 -19.16
Mother age (years) -0.003 -0.007 0.001 -0.008 -0.004 -12.51
Mother schooling (years) 0.023 0.091 0.017 0.054 0.026 9.77
Birth order -0.002 0.011 0.013 -0.012 0.033 19.54
(Continued)
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Discussion
Bangladesh has made remarkable progress in population health improvements over the past
couple of decades [2,3,50]. However, socio-economic inequality is still a major contributor to
childhood morbidity in Bangladesh. This study has examined the trend of inequality in child-
hood morbidity, especially for diarrhea, ARI and fever over a 22-year period and decomposed
changes to identify potential risk factors that may explain the observed socio-economic
inequality. Childhood morbidity overall showed a steady decline; however, such a decline was
disproportionately distributed with regards to childhood morbidity, with the rate of reduction
in the richest wealth quintile significantly outpacing that of the poorest. Consequently, the
high degree of socioeconomic inequality persisted, based on study estimates. According to CC
and CI analyses, poor-rich improvements were even more pronounced in the distribution of
childhood diarrhea, ARI and fever. The analysis has demonstrated a range of characteristics in
the trends. Children of disadvantaged socio-economic households were found to bear a greater
burden of morbidity than their counterparts from advantaged households, confirming find-
ings reported by others [8,51–53]. The findings of the decomposition analyses suggested that
socio-economic inequality was the most dominant predictor driving inequalities in childhood
morbidities. As part of the present national priorities, initiatives should therefore be consid-
ered that aim to reduce socio-economic inequalities in adverse childhood health outcomes
(e.g., diarrhea, ARI and fever) as these must be addressed urgently. This will necessitate target-
ing underprivileged people with specific health interventions, aimed at ensuring accessibility
and affordability of adequate health care services in relation to protection and promotion of
maternal and child health. In addition, considering a societal perspective, policy efforts should
be explored that mitigate structural factors such as unequal wealth distribution by focusing on
effective financial mechanisms, social safety net programs, and creating employment opportu-
nities along with impartial taxation, all of which might contribute to reducing inequalities in
adverse child health outcomes. The decomposition analysis also revealed that the disparities
in childhood morbidity were demonstrated by socio-economic inequalities in factors such as
mother’s educational attainment, breastfeeding practice, chronic undernutrition status, access
Table 2. (Continued)
Variables E: Elasticity, CI:Concentration Index, t:2014, (t-1):1993–94 or (1996–97 for fever)
Variation (1) Variation (2) Total
Et (CIt−CIt-1) CIt-1 (Et−Et-1) Et-1 (CIt−CIt-1) CIt (Et−Et-1) Total %
Preceding birth interval (months) 0.013 -0.042 0.002 -0.015 -0.011 -7.29
Antenatal care visits 0.025 0.075 -0.036 0.040 0.026 16.31
Households size 0.016 0.088 -0.016 -0.081 0.012 11.17
Breastfeeding practice (= yes) -0.011 -0.009 -0.007 -0.003 -0.008 9.83
Access to health facility (= yes) -0.020 0.008 -0.008 -0.015 -0.009 8.01
Mass media communication (= yes) -0.008 0.006 -0.001 -0.021 -0.006 6.51
Chronic undernutrition status (= yes) -0.007 0.002 -0.004 0.008 0.021 19.03
Vaccination coverage (= yes) 0.006 -0.031 -0.016 -0.012 -0.013 -8.33
Residence (= rural) -0.019 -0.027 0.024 -0.002 -0.006 -8.19
Wealth score -0.014 -0.096 -0.081 -0.072 -0.066 39.17
Residual -0.009 18.20
Total -0.045 -0.053 -0.107 -0.124 -0.082
Note: Variation (1) (2) uses Et (Et-1) and Ct (Ct-1) to weight changes in C and E respectively. See Wagstaff et al. (2003) [42],
aARI = Acute Respiratory Infections
https://doi.org/10.1371/journal.pone.0218515.t002
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to health facility and mass media communication, reported pre-delivery care, and immunisa-
tion coverage.
This study found that childhood morbidity was more concentrated among the children of
disadvantaged mothers with low levels of schooling. Some studies have shown that children
whose mothers live in deprived households with low levels of schooling were disproportionately
exposed to childhood morbidity [8,42,51–53]. These women have limited knowledge and prac-
tice in terms of childcare, nutrition, health communication, health services, hygienic drinking
water, breastfeeding, and medical complications [38,42]. Pathogens are frequently transmitted
through consuming food contaminated by unsafe and unaware preparation [38,54,55]. Further-
more, their physical and mental health conditions most likely place their children at a higher
risk of morbidity [52,56–57]. Behavioural change through health promotion interventions
could be an effective strategy to reduce the prevalence of childhood morbidity within poorer
households and the children of mothers with low levels of schooling [42,51,55,58,59]. In addi-
tion, community awareness and mass media exposure might also inform mothers better about
adverse child health outcomes.
Chronic malnourished children were significantly associated at a higher magnitude of the
socioeconomic inequality regarding childhood diarrhea, ARIs and fever. This finding is con-
sistent with relevant studies where malnourished or severely malnourished children signifi-
cantly influenced the higher risk of childhood morbidity markers such as ARIs [60–62],
persistent diarrhea [63–64] and fever [64,65]. One of the main reasons is that enteric patho-
gens are generally allied with childhood morbidity (e.g., diarrhea) among chronic malnour-
ished children [64]. Frequent episodes of diarrhea and ARI in the absence of standard physical
growth leads to malnutrition, which is associated with reduced neurodevelopmental outcomes
[64,65]. For the economic viewpoint, household poverty may be a dominating factor of below
living standard, accessing the quality of care, and chronic nutritional deficiency [62,66],
wherein consequently leads to adverse outcomes such as chronic malnourishment of children,
a weak immune system and, a resulting increased vulnerability to disease [60,67,68]. Although
addressing general deficiency and socioeconomic inequality would lead to substantial reduc-
tions in undernutrition [69–73]. It should be a global priority, significant reductions in chronic
malnutrition can also be made through the implementation of appropriate health and nutri-
tion interventions to reduce their occurrence or ameliorate their adverse outcomes.
The results of this study showed that inadequate pre-delivery care among disadvantaged
mothers was associated with high risk of childhood morbidity. This is consistent with previous
findings that have shown that immature immune systems, due to lack of pre-delivery care in
mothers and their children, result in more exposure to gastro-intestinal infections [6,53,58,66].
This finding signifies that mothers who had received a recommended number of pre-delivery
care visits during pregnancy might be more protected against childhood morbidity compared
to mothers who had received an inadequate number of visits. Non-vaccinated children within
disadvantaged groups were also more exposed to childhood morbidity. Vaccination develops
immunity systems in the human body, which have protective effects during childhood
[54,59,67,68]. Thus, the findings suggested that the coverage of the Expanded Programme on
Immunization (EPI) being formally launched in 1979 in Bangladesh needs to focus on the
poorest, which will allow it to play a significant role in reducing adverse childhood outcomes
(i.e., morbidity and mortality) [67,68].
Strengths and limitations of the study
This present study has some important potential strengths. Data were derived through nation-
ally representative seven round surveys that used standardised methods. This study considered
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three adverse under-five child health outcomes: diarrhea, ARI and fever. Regression-based
decomposition methods were used to measure the magnitude of inequity in childhood mor-
bidity over the 22-year period. The pooled method increased the study’s power and predicted
socio-economic risk factors for childhood morbidity over time.
Some limitations of the study also exist. Although data were used to show changes
in childhood morbidity over time, without longitudinal data of health coverage, it is not
possible to observe the consequences for morbidity rates. Therefore, the study’s findings of
observed changes in health and inequality should be interpreted with caution. All findings
were generated based on individual self-reported data, which is an issue in terms of recall
and social desirability biases. Recall bias and under-reporting of deaths may affect the esti-
mated child morbidity rates. Future studies might confirm these results using better quality
data. To overcome this limitation, data were pooled from multiple surveys over the 22-year
period. Nevertheless, considerable sampling errors tend to happen where the number of
observations is inadequate, necessitating caution when interpreting results. Finally, the
nature of the cross-sectional study does not allow for exploring the causal inference of
adverse child health outcomes.
Conclusions and recommendations
The study results show that although childhood morbidity is decreasing over the study period,
socioeconomic inequalities still persist. Policy makers should implement community-based
health interventions targeting the significant influencing factors for the betterment of child
health. This will also assist Bangladesh to achieve the targets of the Sustainable Development
Goals. Reductions in under-five childhood morbidity have occurred nationally in Bangladesh.
Some policy and strategic interventions in reproductive, maternal, newborn and child health
issues may have contributed to this improvement. However, socio-economic inequality
remains an ongoing issue for achieving universal health coverage in Bangladesh. This study
results indicate that Bangladesh is lagging behind in terms of adolescent motherhood, poor
maternal education, inadequate pre-delivery care, and low immunisation coverage. Yet, single
interventions or strategies cannot necessarily be expected to make fundamental changes in the
childhood morbidity in the short term. Public health interventions, targeting the socio-eco-
nomically disadvantaged communities need to be implemented and such interventions should
emphasise improving the health of women in reproductive age, healthy diet and nutrition,
improved maternal and child health care, access to better health care services. This study may
support policy makers in adopting new health policies to minimize inequalities in child health
outcomes in Bangladesh.
Acknowledgments
This research paper is completed during the first author’s PhD research work, under the
Health Economics and Policy Research, School of Commerce, University of Southern Queens-
land, Queensland, Australia. We would also like to thank the Measure DHS program for pro-
viding access to the data used in the research. Finally, we would like to gratefully acknowledge
the study participants, reviewers and the academic editors of our manuscript.
Author Contributions
Conceptualization: Rashidul Alam Mahumud, Khorshed Alam, Andre M. N. Renzaho,
Abdur Razzaque Sarker, Marufa Sultana, Nurnabi Sheikh, Jeff Gow.
Data curation: Rashidul Alam Mahumud, Abdur Razzaque Sarker, Nurnabi Sheikh, Jeff Gow.
Changes in inequality of childhood morbidity in Bangladesh 1993-2014
PLOS ONE | https://doi.org/10.1371/journal.pone.0218515 June 19, 2019 14 / 19
Formal analysis: Rashidul Alam Mahumud, Abdur Razzaque Sarker, Nurnabi Sheikh, Lal B.
Rawal.
Investigation: Rashidul Alam Mahumud, Khorshed Alam, Andre M. N. Renzaho, Marufa Sul-
tana, Nurnabi Sheikh, Lal B. Rawal, Jeff Gow.
Methodology: Rashidul Alam Mahumud, Andre M. N. Renzaho, Abdur Razzaque Sarker,
Marufa Sultana, Nurnabi Sheikh, Lal B. Rawal, Jeff Gow.
Project administration: Rashidul Alam Mahumud, Marufa Sultana, Jeff Gow.
Resources: Marufa Sultana, Lal B. Rawal, Jeff Gow.
Software: Rashidul Alam Mahumud, Abdur Razzaque Sarker, Nurnabi Sheikh, Lal B. Rawal.
Supervision: Rashidul Alam Mahumud, Khorshed Alam, Andre M. N. Renzaho, Abdur Raz-
zaque Sarker, Marufa Sultana, Jeff Gow.
Validation: Rashidul Alam Mahumud, Khorshed Alam, Abdur Razzaque Sarker, Nurnabi
Sheikh, Lal B. Rawal, Jeff Gow.
Visualization: Rashidul Alam Mahumud, Nurnabi Sheikh, Lal B. Rawal.
Writing – original draft: Rashidul Alam Mahumud, Khorshed Alam, Abdur Razzaque Sarker,
Marufa Sultana, Nurnabi Sheikh, Jeff Gow.
Writing – review & editing: Rashidul Alam Mahumud, Khorshed Alam, Andre M. N.
Renzaho, Abdur Razzaque Sarker, Marufa Sultana, Nurnabi Sheikh, Lal B. Rawal, Jeff Gow.
References
1. United Nations. The Millennium Development Goals Report 2015 [Internet]. New York; 2015. http://
www.un.org/millenniumgoals/2015_MDG_Report/pdf/MDG%202015%20rev%20(July%201).pdf
2. Ahmed SM, Rawal LB, Chowdhury SA, Murray J, Arscott-Mills S et al. Cross-country analysis of strate-
gies for achieving progress towards global goals for women’s and children’s health. Bull World Health
Organ. 2016; 94:351–361. http://dx.doi.org/10.2471/BLT.15.168450
3. Waage J, Banerji R, Campbell O, Chirwa E, Collender G, Dieltiens V et al. The Millennium Development
Goals: A cross-sectoral analysis and principles for goal setting after 2015: Lancet and London Interna-
tional Development Centre Commission. The Lancet. 2010; 376:991–1023.https://doi.org/10.1016/
S0140-6736(10)61196-8
4. Sridhar D. Improving aid for maternal, newborn, and child health. The Lancet 2010; 376:1444–1446.
https://doi.org/10.1016/S0140-6736(10)61418-3
5. Countdown to 2030 Collaboration. Countdown to 2030: tracking progress towards universal coverage
for reproductive, maternal, newborn, and child health. The Lancet 2018; 391:1538–1548.https://doi.
org/10.1016/S0140-6736(18)30104-1
6. Emerson E, Savage A. Acute respiratory infection, diarrhoea and fever in young children at-risk of intel-
lectual disability in 24 low- and middle-income countries. Public Health. 2017; 142:85–93. https://doi.
org/10.1016/j.puhe.2016.10.014 PMID: 28057204
7. Victora CG, Requejo JH, Barros AJD, Berman P, Bhutta Z, Boerma T, et al. Countdown to 2015:A
decade of tracking progress for maternal, newborn, and child survival. The Lancet. 2016; 387: 2049–
2059. https://doi.org/10.1016/S0140-6736(15)00519-X
8. Liu L, Oza S, Hogan D, Perin J, Rudan I, Lawn JE, et al. Global, regional, and national causes of child
mortality in 2000–13, with projections to inform post-2015 priorities: An updated systematic analysis.
The Lancet. 2015; 385:430–440. https://doi.org/10.1016/S0140-6736(14)61698-6
9. UNICEF. Committing to Child Survival: A Promise Renewed. Progress Report 2015. New York, UNI-
CEF; 2015:1–96. https://www.unicef.org/publications/index_83078.html
10. WHO. Global health observatory (GOB) data repository [Internet]. Geneva; Switzerland, 2018. http://
www.who.int/gho/en/
Changes in inequality of childhood morbidity in Bangladesh 1993-2014
PLOS ONE | https://doi.org/10.1371/journal.pone.0218515 June 19, 2019 15 / 19
11. Halder AK, Gurley ES, Naheed A, Saha SK, Brooks WA, El Arifeen S, et al. Causes of early childhood
deaths in Urban Dhaka, Bangladesh. PLoS ONE.2009; 4:e8145. https://doi.org/10.1371/journal.pone.
0008145 PMID: 19997507
12. Nasreen S, Luby SP, Brooks WA, Homaira N, Mamun A Al, Bhuiyan MU, et al. Population-based inci-
dence of severe acute respiratory virus infections among children aged <5 years in rural Bangladesh,
June-October 2010. PLoS ONE. 2014; 9:e89978. https://doi.org/10.1371/journal.pone.0089978
13. Rudan I, Boschi-Pinto C, Biloglav Z, Mulholland K, Campbell H. Epidemiology and etiology of childhood
pneumonia. Bulletin of the World Health Organization.2008; 86:408–416. https://doi.org/10.2471/BLT.
07.048769 PMID: 18545744
14. Rudan I, O’Brien KL, Nair H, Liu L, Theodoratou E, Qazi S, et al. Epidemiology and etiology of childhood
pneumonia in 2010: Estimates of incidence, severe morbidity, mortality, underlying risk factors and
causative pathogens for 192 countries. Journal of Global Health. 2013; 3:010401. PMID: 23826505
15. Kabir AL, Amin MR, Mollah MAH, Khanam S, Mridha AA, Ahmed S, et al. Respiratory disorders in
under-five children attending different hospitals of Bangladesh: A cross sectional survey.Journal of
Respiratory Medicine Research and Treatment.2016; 11. https://doi.org/10.5171/2016.183615
16. Haque U, Overgaard HJ, Clements ACA, Norris DE, Islam N, Karim J, et al. Malaria burden and control
in Bangladesh and prospects for elimination: An epidemiological and economic assessment. The Lancet
Global Health.2014; 2:e98–e105. https://doi.org/10.1016/S2214-109X(13)70176-1 PMID: 25104666
17. Mahbubur R, Rahman K, Siddque AK, Shoma S, Kamal AH, Ali KS, Nisaluk A, Breiman RF. First Out-
break of Dengue Hemorrhagic Fever, Bangladesh. Dispatches. Emerging Infectious Disseases. 2002;
8:738–740. https://doi.org/10.3201/eid0807.010398
18. Khatun S, Chakraborty A, Rahman M, Banu NN, Rahman MM, Hasan SMM, Luby SP, Gurley ES. An
outbreak of chikungunya in rural Bangladesh, 2011. PLoS Neglected Tropical Disseases. 2015; 9:
e0003907. https://doi.org/10.1371/journal.pntd.0003907
19. Ahmed S, Siddique AK, Iqbal A, Nurur Rahman FKM, Islam MN, Sobhan MA, et al. Causes for hospitali-
zations at upazila health complexes in Bangladesh. Journal of Health, Population, and Nutrition. 2010;
28: 399–404. https://doi.org/10.3329/jhpn.v28i4.6047 PMID: 20824984
20. Nikolay B, Salje H, Sturm-Ramirez K, Azziz-Baumgartner E, Homaira N, Ahmed M, et al. Evaluating
hospital-based surveillance for outbreak detection in Bangladesh: Analysis of healthcare utilization
data. PLoS Medicine. 2017; 14: e1002218 https://doi.org/10.1371/journal.pmed.1002218 PMID:
28095468
21. UNICEF. Committing to child survival: A promise renewed-progress report 2015 [Internet]. Division of
Data, Research and Policy, United Nations Plaza, New York, USA; 2015. https://www.unicef.org/
publications/index_83078.html
22. Balabanova D, Mills A, Conteh L, Akkazieva B, Banteyerga H, Dash U, et al. Good health at low cost 25
years on: Lessons for the future of health systems strengthening. The Lancet. 2013; 381:2118–2133.
https://doi.org/10.1016/S0140-6736(12)62000-5
23. Hanifi SMA, Mahmood SS, Bhuiya A. Cause-specific mortality and socioeconomic status in Chakaria,
Bangladesh. Global Health Action. 2014; 7: 1–9. https://doi.org/10.3402/gha.v7.25473
24. Hoffmann R, Hu Y, De Gelder R, Menvielle G, Bopp M, Mackenbach JP. The impact of increasing
income inequalities on educational inequalities in mortality—An analysis of six European countries.
International Journal for Equity in Health. 2016; 15: 1–12. https://doi.org/10.1186/s12939-016-0390-0
25. Khang Y-H, Kim H-R. Socioeconomic Inequality in mortality using 12-year follow-up data from nationally
representative surveys in South Korea. International Journal for Equity in Health. 2016; 15:51. https://
doi.org/10.1186/s12939-016-0341-9 PMID: 27001045
26. United Nations. Transforming our world: the 2030 Agenda for Sustainable Development [Internet]. 2015
[cited 2017 Mar1]. https://sustainabledevelopment.un.org/post2015/transformingourworld
27. Walker SP, Wachs TD, Grantham-Mcgregor S, Black MM, Nelson CA, Huffman SL, et al. Inequality in
early childhood: Risk and protective factors for early child development. The Lancet. 2011; 378:1325–
1338. https://doi.org/10.1016/S0140-6736(11)60555-2
28. Bado AR, Susuman AS, Nebie EI. Trends and risk factors for childhood diarrhea in sub-Saharan coun-
tries (1990–2013):Assessing the neighborhood inequalities. Global Health Action. 2016; 9. https://doi.
org/10.3402/gha.v9.30166
29. Walker C, Perin J, Aryee MJ, Boschi-Pinto C, Black RE. Diarrhea incidence in low- and middle-income
countries in 1990 and 2010: A systematic review. BMC Public Health. 2012; 12: 220. https://doi.org/10.
1186/1471-2458-12-220 PMID: 22436130
30. Kamal MM, Hasan MM, Davey R. Determinants of childhood morbidity in Bangladesh: Evidence from
the Demographic and Health Survey 2011. BMJ Open. 2015; 5: e007538 https://doi.org/10.1136/
bmjopen-2014-007538 PMID: 26510724
Changes in inequality of childhood morbidity in Bangladesh 1993-2014
PLOS ONE | https://doi.org/10.1371/journal.pone.0218515 June 19, 2019 16 / 19
31. Mitra SN, Ali MN, Islam S, Cross AR, Saha T. Bangladesh Demographic and Health Survey 1993–
1994. Dhaka, Bangladesh and Ca lverton, Maryland, USA; 1995.
32. NIPORT. Bangladesh Demographic and Health Survey 2004. Dhaka, Bangladesh and Calverton, Mary-
land, USA; 2005.
33. NIPORT. Bangladesh Demographic and Health Survey 2007. Dhaka, Bangladesh and Calverton, Mary-
land, USA; 2009.
34. NIPORT. Bangladesh Demographic and Health Survey 1999–2000. Dhaka, Bangladesh and Calverton,
Maryland, USA, National Institute of Population Research and Training, Mitra and Associates, and
ORC Macro; 2001.
35. NIPORT. Bangladesh Demographic and Health Survey 2011. Dhaka, Bangladesh and Calverton, Mary-
land, USA: NIPORT, Mitra and Associates, and ICF International; 2013.
36. NIPORT. Bangladesh Demographic and Health Survey 2014. National Institute of Population Research
and Training (NIPORT), Mitra and Associates and ICF International. Dhaka, Bangladesh, and Rockville,
Maryland, USA: NIPORT, Mitra and Associates, and ICF International; 2016.
37. Amugsi DA, Aborigo RA, Oduro AR, Asoala V, Awine T, Amenga-Etego L. Socio-demographic and
environmental determinants of infectious disease morbidity in children under 5 years in Ghana. Global
Health Action. 2015; 8: 12–23. https://doi.org/10.3402/gha.v8.29349
38. Kolenikov S, Angeles G. Socioeconomic status measurement with discrete proxy variables: Is principal
component analysis a reliable answer? Review of Income and Wealth, 2009; 55:128–165.https://doi.
org/10.1111/j.1475-4991.2008.00309.x
39. World Health Organization (WHO). Training Course on Child Growth Assessment WHO Child Growth
Standards. Geneva, Switzerland. https://www.who.int/nutrition/publications/childgrowthstandards_
trainingcourse/en/
40. Kakwani N, Wagstaff A, van Doorslaer E. Socioeconomic inequalities in health: Measurement, compu-
tation, and statistical inference. Journal of Econometrics. 1997; 77: 87–103. https://doi.org/10.1016/
S0304-4076(96)01807-6
41. O’Donnell O, van Doorslaer E, Wagstaff A, Lindelow M. Analyzing Health Equity Using Household Sur-
vey Data [Internet]. The World Bank, Washington, D.C.; 2008. https://doi.org/10.2471/BLT.08.052357
42. Wagstaff A, Van Doorslaer E, Watanabe N. On decomposing the causes of health sector inequalities
with an application to malnutrition inequalities in Vietnam. Journal of Econometrics. 2003; 112:207–
223. https://doi.org/10.1016/S0304-4076(02)00161-6
43. Diouf K, Tabatabai P, Rudolph J, Marx M. Diarrhoea prevalence in children under five years of age in
rural Burundi: An assessment of social and behavioural factors at the household level. Global Health
Action. 2014; 7: 1–9. https://doi.org/10.3402/gha.v7.24895
44. Gwatkin DR, Rutstein S, Johnson K, Suliman E, Wagstaff A, Amouzou A. Socio-economic differences
in health, nutrition, and population within developing countries: An overview. Country reports on HNP
and poverty. Washington, DC: World Bank Group. http://documents.worldbank.org/curated/en/
962091468332070548/Socio-economic-differences-in-health-nutrition-and-population-within-
developing-countries-an-overview
45. Oaxaca R. Male-female wage differentials in urban labor markets. International Economic Review.
1973; 14: 693–709. https://doi.org/10.2307/2525981
46. Erreygers G. Correcting the concentration index. Journal Health Economic. 2009; 28:504–515. https://
doi.org/10.1016/j.jhealeco.2008.02.003
47. Erreygers G, Clarke P, Ourti TV. “Mirror, mirror, on the wall, who in this land is fairest of all?”–Distribu-
tional sensitivity in the measurement of socioeconomic inequality of health. Journal of Health Econom-
ics. 2012; 31:257–270. https://doi.org/10.1016/j.jhealeco.2011.10.009
48. O’Donnell OA, Wagstaff A. Analyzing health equity using household survey data: a guide to techniques
and their implementation: World Bank Publications. 2008.
49. Chowdhury AM, Bhuiya A, Chowdhury ME, Rasheed S, Hussain Z, Chen LC. The Bangladesh paradox:
exceptional health achievement despite economic poverty. The Lancet. 2013; 382:1734–1745. https://
doi.org/10.1016/S0140-6736(13)62148-0
50. Sarker AR, Sultana M, Mahumud RA, Sheikh N, Van Der Meer R, Morton A. Prevalence and health
care–seeking behavior for childhood diarrheal disease in Bangladesh. Glob Pediatr Heal. 2016; 3:1–12.
https://doi.org/10.1177/2333794X16680901
51. Finlay JE, O¨ zaltin E, Canning D. The association of maternal age with infant mortality, child anthropo-
metric failure, diarrhoea and anaemia for first births: Evidence from 55 low- and middle-income coun-
tries. BMJ Open. 2011; 1:e000226. http://dx.doi.org/10.1136/bmjopen-2011-000226 PMID: 22021886
52. Mustafa M, Zakar R, Zakar MZ, Chaudhry A, Nasrullah M. Under-five child mortality and morbidity asso-
ciated with consanguineous child marriage in Pakistan: retrospective analysis using Pakistan
Changes in inequality of childhood morbidity in Bangladesh 1993-2014
PLOS ONE | https://doi.org/10.1371/journal.pone.0218515 June 19, 2019 17 / 19
demographic and health surveys, 1990–91, 2006–07, 2012–13. Matern Child Health J. 2017; 21:1095–
1104. https://doi.org/10.1007/s10995-016-2208-5
53. Buttery JP, Graham SM. Immunisation timing: the protective layer in vaccine coverage. The Lancet.
2009; 373:1499–1500. https://doi.org/10.1016/S0140-6736(09)60340-8
54. Gamper-Rabindran S, Khan S, Timmins C. The impact of piped water provision on infant mortality in
Brazil: A quantile panel data approach. Journal of Development Economics. 2010; 92:188–200. https://
doi.org/10.1016/j.jdeveco.2009.02.006
55. Raj A, Saggurti N, Winter M, Labonte A, Decker MR, Balaiah D, et al. The effect of maternal child mar-
riage on morbidity and mortality of children under 5 in India: Cross sectional study of a nationally repre-
sentative sample. BMJ. 2010; 340:b4258–b4258. https://doi.org/10.1136/bmj.b4258 PMID: 20093277
56. King JC. The risk of maternal nutritional depletion and poor outcomes increases in early or closely
spaced pregnancies. The Journal of Nutrition.2003; 133:1732S–1736S. https://doi.org/10.1093/jn/133.
5.1732S PMID: 12730491
57. Zhang Q, Wang Y. Using concentration index to study changes in socio-economic inequality of over-
weight among US adolescents between 1971 and 2002. International Journal of Epidemiology. 2007;
36: 916–925. https://doi.org/10.1093/ije/dym064 PMID: 17470489
58. Jani J V., De Schacht C, Jani I V., Bjune G. Risk factors for incomplete vaccination and missed opportu-
nity for immunization in rural Mozambique. BMC Public Health. 2008; 8: 1–7. https://doi.org/10.1186/
1471-2458-8-161
59. Sultana M, Sarker AR, Sheikh N, Akram R, Ali N, Mahumud RA, et al. (2019) Prevalence, determinants
and health care-seeking behavior of childhood acute respiratory tract infections in Bangladesh. PLoS
ONE; 14: e0210433. https://doi.org/10.1371/journal.pone.0210433 PMID: 30629689
60. Guerrant RL, DeBoer MD, Moore SR, Scharf RJ, Lima AA. The impoverished gut a triple burden of diar-
rhoea, stunting and chronic disease. Nature Reviews Gastroenterology & Hepatology. 2013; 10:220–
29. https://doi.org/10.1038/nrgastro.2012.239
61. Black RE, Allen LH, Bhutta ZA, Caulfield LE, de Onis M, Mathers C, Rivera J, et al. Maternal and child
undernutrition: global and regional exposures and health consequences. The Lancet. 2008; 371:243–
260. https://doi.org/10.1016/S0140-6736(07)61690-0
62. Iannotti LL, Trehan I, Clitheroe KL, Manary MJ. Diagnosis and treatment of severely malnourished chil-
dren with diarrhea. Journal of Paediatrics and Child Health.2015; 51:387–395. https://doi.org/10.1111/
jpc.12711
63. Ferdous F, Das SK, Ahmed S, Farzana FD, Latham JR, Chisti MJ, Ud-Din AI, Azmi IJ et al. Severity of
diarrhea and malnutrition among under five-year-old children in rural Bangladesh. American Journal of
Tropical Medicine and Hygiene. 2013; 89:223–228 https://doi.org/10.4269/ajtmh.12-0743 PMID:
23817334
64. Wierzba TF, Muhib F. Exploring the broader consequences of diarrhoeal diseases on child health. The
Lancet Global Health.2018; 6:e230–e231.https://doi.org/10.1016/S2214-109X(18)30047-0 PMID:
29433653
65. Bernardes AC, da Silva RA, Coimbra LC, Alves MT, Queiroz RC, Batista RF, et al. Inadequate prenatal
care utilization and associated factors in São Luı´s, Brazil. BMC Pregnancy and Childbirth.2014; 14:266.
https://doi.org/10.1186/1471-2393-14-266
66. Semba RD, De Pee S, Berger SG, Martini E, Ricks MO, Bloem MW. Malnutrition and infectious disease
morbidity among children missed by the childhood immunization program in Indonesia. Southeast
Asian Journal of Tropical Medicine and Public Health. 2007; 38:120–129. PMID: 17539257
67. Clark A, Sanderson C. Timing of children’s vaccinations in 45 low-income and middle-income countries:
an analysis of survey data. The Lancet.2009; 373:1543–1549. https://doi.org/10.1016/S0140-6736(09)
60317-265
68. Jalan J, Ravallion M. Does piped water reduce diarrhoea for children in rural India? Journal of Econo-
metrics.2003; 112:153–173. https://doi.org/10.1016/S0304-4076(02)00158-6
69. Wu L, Yang Z, Yin SA, Zhu M, Gao H. The relationship between socioeconomic development and
malnutrition in children younger than 5 years in China during the period 1990 to 2010. Asia Pacific
Journal of Clinical Nutrition. 2015; 24:665–673. https://trove.nla.gov.au/version/233510144 PMID:
26693752
70. Kilabuko JH, Nakai S. Effects of cooking fuels on acute respiratory infections in children in Tanzania.
International Journal of Environmental Research and Public Health. 2007; 4: 283–288. https://doi.org/
10.3390/ijerph200704040003 PMID: 18180538
71. Rodrıguez L, Cervantes E, Ortiz R. Malnutrition and gastrointestinal and respiratory infections in chil-
dren: A public health problem. Int J Environ Res Public Health. 2011; 8: 1174–1205. https://doi.org/10.
3390/ijerph8041174 PMID: 21695035
Changes in inequality of childhood morbidity in Bangladesh 1993-2014
PLOS ONE | https://doi.org/10.1371/journal.pone.0218515 June 19, 2019 18 / 19
72. Haddah H, Alderman H, Appleton S, Song L, Yisehac Y. Reducing child malnutrition: How far does
income growth take us? The World Bank Economic Review. 2003; 17:107–131. https://doi.org/10.1093/
wber/lhg012
73. Bhutta ZA, Das JK, Rizvi A, Gaffey MF, Walker N, Horton S, Webb P et al. Evidence-based interven-
tions for improvement of maternal and child nutrition: what can be done and at what cost? The Lancet.
2013; 382:452–477. https://doi.org/10.1016/S0140-6736(13)60996-4
Changes in inequality of childhood morbidity in Bangladesh 1993-2014
PLOS ONE | https://doi.org/10.1371/journal.pone.0218515 June 19, 2019 19 / 19
